The saturate, aromatics, resin and asphaltene components of paraffin-base (PB) and naphthenic-base (HB) crude oil are separated by chromatographic column. The acidic components of crude oil are extracted by compounded polar solvents and identified by methyl esterification of diazomethane. The acidic components before and after asphaltene removal are investigated by gas chromatography-mass spectrometer. The effect of four fractions in simulated oil on interfacial activity is discussed. The results show PB is rich in naphthalene series and tri-aromatic steroids, and HB has a high content of phenanthrene series, chrysene series and methylpyrene, besides higher content of naphthalene series. The long carbon chain acids in HB oil decrease significantly by asphaltenes removal, confirming the presence of heavy oil acids in asphaltene. A little amount of saturates and aromatics in simulated oil can reduce the interfacial tension (IFT). When the content of asphaltenes of simulated oil is increased, IFT is initially decreased and finally increased because of stability of asphaltenes. When resin is increased, IFT is initially increased and then decreased. Simulated oil containing the resin from naphthenic-base oil is more sensitive to alkali than that of paraffin-base resin, which can reduce the IFT between oil and water at a larger range.
Introduction
The continuing exploitation of petroleum resources has been reducing residual oil reserves. It's difficult to extract crude oil in a conventional way after primary and secondary recoveries. Chemical flooding especially the surfactant flooding consequently becomes an important process for enhancing oil recovery. Efficiency of surfactant flooding for oil production depends not only on the properties of surfactants but also on the composition of crude oil [1] - [15] . In general, four fractions, such as saturate, aromatics, resin and asphaltene (SARA), have a considerable effect on crude oil exploitation respectively, especially for reducing O/W interfacial tension (IFT). Non-hydrocarbon compounds, including resin and asphaltene being important active components in crude oil, can affect the interfacial properties between oil and aqueous surfactants solutions by its aromaticity and content [16] [17] [18] [19] [20] . In 2006, Hemmingsen et al. [21] found that acidic compounds from the crude oils could decrease the IFT between aqueous solution and crude oil, and increase the water-in-oil emulsion stability Zhao et al. [22] confirmed that saturate and aromatics have a weak ability to affecting the properties of the oil phase and reaching ultra-low IFT between the oil phase and aqueous solution. IFT reduction of crude oil and surfactant aqueous solution is caused by adsorption of the polar fractions in crude oil at the interface to form a mixed film with betaine molecules. Further studies showed that the existence of strong alkali can improve the interfacial activity of fractions, and then reduce the IFT [23] .
Acidic components rich in resin as a well-known strong interfacial active species play a major role in reducing O/W IFT [24] [25] [26] [27] [28] . Cao et al. [26] suggested that the mixed adsorption of positive synergistic effect between acidic components and linear betaine molecule on the interface of oil and solution might cause densification of interfacial film and reduction of O/W IFT. Whereas the mixed adsorption of acidic component and branched betaine molecules produces a negative synergistic effect to destroy the compactness of interfacial films, reduces the surfactant molecule number on the interface and ultimately increases the O/W IFT. Song et al. [29] and Samanta et al. [30] found that carboxylic acid from crude oil could be converted to surfactants in the presence of alkali and reduce IFT. Therefore, the composition of the crude oil is of great significance for improving oil recovery, especially polar component and group composition. In this paper, group composition of SARA and acidic components in heavy oil and paraffin-based crude oil, separated by column chromatography and solvent extraction method respectively, and composition of aromatics from the two crude oil are analyzed by gas chromatography-quadrupole mass spectrometer (GC/MS). The effects of separation methods on the composition of petroleum acids are discussed. The difference of aromatics and acidic components from both crude oils and the effect of SARA content on IFT between surfactant solution and crude oil or kerosene are further studied. This study facilitates the understanding of the composition characteristics of heavy oil and paraffin-based crude oil, and their influence on the interfacial activity of surfactants used for oil displacement.
Materials and Methods

Materials
The n-hexane, dichloromethane, chloroform, methanol, formic acid, isopropanol and ether are supplied by Tianjin Fuchen Chemical Reagent Factory with a purity of 99.7%. N-methyl-N'-nitro-N-methyleneguanidine is supplied by Aladdin with a purity of 99.8%. The kerosene is supplied by SINOPEC Jingmen Branch. PB crude oil, a paraffin-base crude oil with the acid value of 0.82 mg KOH/g, is supplied by Qinghai Oilfield. HB crude oil, naphthenic-base oil and extra heavy oil with an acid value of 5.08 mg KOH/g and viscosity of 33113 mPa•s at 50˚C, is supplied by Fengcheng Sinkiang Oilfield. C16AES and CDA are sulfonate surfactant and amide surfactant respectively, laboratory homemade, with the structure illustrated in Figure 1 Silica gel with 100 -200 mesh and 99.8% purity is supplied by Qingdao Puke Parting Materials Co. Ltd. which is calcined at 140˚C -150˚C for 8 h and for spare use. Neutral alumina with 100 -200 mesh and 99.8% purity is supplied by Sinopharm Chemical Reagent Co. Ltd., which is calcined at 400˚C -450˚C for 4 h and for spare use. Absorbent cotton is supplied by Xuzhou Weicai Hygienic Material Co. Ltd. which is refluxed by chloroform to no fluorescence.
The IFT is measured by TX-500C IFT Meter (U.S). The crude oil fractions are measured by Nicolet 6700 Fourier transform infrared spectroscopy (FTIR) and Agilent 7890/5975C (GC/MS). The HP-5MS column is used by temperature programming with a mobile phase of helium, the flow rate is 1.0 mL/min. Then the temperature of the column is raised to 300˚C from 50˚C at 10˚C/min, staying for 10 min with the mass spectrometer interface temperature of 230˚C, bombarding energy of 70 eV, ion source temperature of 220˚C and quadrupole temperature of 150˚C.
Separation of Crude Oil Components
The SARA is separated from two crude oils by referring to the industrial standard of China Petroleum SY/T5119-1995 with components of eluents changing. Firstly, 0.02 -0.05 g crude oil and n-hexane are mixed in a conical flask, refluxed and kept undisrupted for overnight to obtain the precipitation of asphaltenes. The filtered solution is concentrated to 0.3 -0.5 mL. Secondly, 3 g silica gel and 2 g neutral alumina are loaded in a column and retained a wad of absorbent cotton at the bottom. The column needed to be tapped lightly for filling the adsorbents evenly. Subsequently, n-hexane is added for wetting the particles immediately followed by the concentrated filtered solution. The n-hexane, a mixture of n-hexane and dichloromethane and a mixture of chloroform and methanol are successively added into the column to extract the saturates, aromatics and resins, respectively. Each of these fractions is concentrated by rotary evaporation and collected into a sample vial for next measurement.
The separated fractions are mixed with crude oils or kerosene at the range of 2% to 15% (wt%) to form the simulated oil used for determining the effects of IFT between surfactant solutions and the oil phase.
Separation of Acidic Components
The acidic components are prepared by solvent extraction method [31] . Firstly, the isopropanol solution is saturated with KOH, silica gel and chloroform are mixed and stirred for 5 min to obtain the modified silica gel. Secondly, the mixture is refluxed for 30 min by chloroform. Subsequently, a certain amount of crude oil, pre-dissolved in chloroform, is added into the extractor and refluxed for 6 h. Upon refluxing by chloroform, the strong acidic fractions are extracted by a mixture of chloroform and formic acid (4:1, V: V) for 2 h, then methyl is esterified by ether solution of diazomethane which is prepared from N-methyl-N'-nitro-N-methyleneguanidine, concentrated for the next measurement.
Measurement of IFT
The IFT between water phase, 0.2% C16AES/CDA (1:2, m/m) surfactant solution prepared by 1.4% NaCl + 0.1% CaCl 2 salt solution, and internal phase, crude oil or the simulated oil, is measured at 50˚C and a speed of 5000 r/min. Each IFT test is repeated at least two times. The skeleton vibration of rings, caused by stretching vibration of carbon atom in aromatic compound rings, has characteristic absorption peaks nearby 1600 -1585 cm −1 and 1500 -1400 cm −1 respectively. Figure 2 shows that there are absorption peaks of aromatic compounds in PB crude oil at 1601 cm −1 and 1463 cm −1 respectively due to the difference of absorption peaks of the substituent on the ring. The heteroaromatics, monoaromatic and polycyclic compounds have similar skeleton vibrations.
Results and Discussion
Infrared Spectra Analysis
In Figure 3 , 1711 cm −1 is the absorption peak of the carboxylic acid dimer. The absorption peak, a wide spectrum band, at 2955 -2854 cm −1 is the hydroxyl O-H characteristics in a carboxylic acid. Open Journal of Yangtze Gas and Oil 
Composition Difference of Aromatics from Paraffin-Base and Naphthenic-Base Crude Oils
The composition of aromatics, extracted from paraffin-base crude oil PB and naphthenic-base crude oil HB, is authenticated and analyzed by GC/MS according to mass chromatogram [32] [33], the composition is listed in Table 1 . It can be seen from Table 1 that amount of naphthalene, phenanthrene and triaromatic steroid series in PB crude oil accounts for more than 83% of total aromatics, among which the triaromatic steroids with four rings with a content of 39% is the dominant component, followed by the phenanthrene series and naphthalene series with a content of 26% and 17%, respectively. The content of aromatic hydrocarbon with two rings in PB crude oil is found to be 19.6%, which is 7.5% higher than that of HB crude oil. The amount of naphthalene, phenanthrene, triaromatic steroid and chrysene series in naphthenic-base crude oil HB accounts for 84% of total aromatics, among which the phenanthrene series accounting for 46% is the dominant component, the contents of naphthalene series, chrysene series and triaromatic steroids are similar at the range from 11% to 15%. The content of aromatics with three, four (except triaromatic steroid) and five rings in HB crude oil is found to be 33.6% higher than that in PB crude oil. 
Effect of Separation Method on the Composition of Organic Acid
In this study, the acidic components are separated from asphaltene-free HB crude oil and HB crude oil, respectively. The GC/MS mass chromatograms of acidic components obtained by the two methods are shown in Figure 4 and For comparison, the morphologies of TIC of the methyl ester of the organic acid obtained by the two methods are basically identical. Table 2 shows the relative compositions of paraffinic acid separated from HB crude oil with and without asphaltene. Table 3 shows the compositions of carboxylic acid separated from PB and HB crude oils containing asphaltene. Open Journal of Yangtze Gas and Oil There is a certain effect of asphaltene removal on the content of the carboxylic acids in the crude oil. The naphthenic-base crude oil (HB) is taken as an example, the content of aliphatic acids (except C 16 , C 18 and C 21 aliphatic acid) in asphaltene-free crude oil is lower than that in crude oil containing asphaltene, the content of C 19-26 aliphatic acid is decreased by 26.6% that is attributed to the removal of asphaltene, indicating that the aliphatic acids with high carbon number are removed by the precipitation of asphaltene, that is to say, heavy petroleum acids may also exist in asphaltene. This indicates that the organic acids should be separated directly from the crude oil in order to reveal the actual content of organic acids when analyzing the acidic components in crude oils, especially in the heavy oil.
The carbon number in paraffinic acids of paraffin-base crude oil (PB) and naphthenic-base crude oil (HB) ranges from 9 to 30 and 9 to 26, respectively. This indicates that the molecular weight of paraffinic acids in heavy oil with high viscosity is lower than that in the paraffin-base crude oil due to the degradation of n-alkanoic acids with high carbon number. In each of the alkanoic acid sepa-rated from the paraffin-base crude oil (PB) and naphthenic-base crude oil (HB), the content of C 16 acid is the highest for both, which is 54.416% and 48.806%, respectively. The contents of C 18 acid and C 12 acid decrease in an order, which are 24.455% and 9.299% respectively in the paraffin-base oil (PB), while 20.893% and 14.210% in the naphthenic oil (HB) respectively.
Influence of Group Fractions of Two Crude Oils on Interfacial Activity
Minimum Carbon Number of Chains of N-Alkanes (N min ) of Mixed Surfactants
The curve of equilibrium W/O IFT between different n-alkanes and surfactant solution is shown in. Figure 6 . It can be seen that the IFT first decreases then increases with the increase of the carbon number of n-alkanes. The minimum IFT reaches 0.0564 mN/m between C 16 alkane and the aqueous phase which indicates that the n min value of the surfactant solution is 16. When the carbon number of n-alkanes is small the surfactant molecules are mainly dissolved in the water phase and difficulty for adsorbing onto the interface, which may be the reason of the high interface tension between n-alkanes and the aqueous phases. Based on the principle of dissolution in the similar material structure, the surfactant molecules move from the water phase to the O/W interface on increasing of a carbon number of n-alkanes. For a specific surfactant solution, there is an n-alkane with specific carbon chain length to make the distribution coefficient of the surfactant molecules in oil-water phases be 1, the maximum amount of surfactant molecules is adsorbed to the interface, and the lowest IFT is obtained. As the chain length of n-alkane is increased, the surfactant molecules are believed to partition preferentially into the oil phase (n-alkane) rather than adsorbing on the interface, therefore the IFT increases [34] [35] [36] . 
Influence of Saturate Fraction on IFT
The curves of IFTs between surfactant solution and two crude oils at different saturate contents are shown in Figure 7(a) . It can be seen that the IFT decreases first and finally rises with the increasing of saturate content. IFT reaches the lowest level of 0.035 mN/m at a mass fraction of 10.89% for saturate in PB crude oil and 0.11 mN/m at a mass fraction of 11.06% for saturate in HB crude oil. The O/W IFT between PB crude oil and the aqueous phase is low after the addition of a similar mass fraction of saturate. With the increasing of saturate content, IFT decreases first then rises, which mainly attributes to the increase of equivalent alkane carbon number (EACN) caused by the increasing of saturate with high carbon numbers in the oil phase and hydrophobicity [37] . When the EACN of crude oil is close to the n min (16) of the surfactant solution, the surfactant tends to be enriched on the oil-water interface, and IFT decreases. For the increasing of saturate content, the number of surfactant molecules on the oil-water interface decreases, and IFT increases. This indicates that the addition of saturates with high carbon number leads to the change of the EACN of the oil phase, the partition of the surfactant in oil-water phases and interfacial activity [22] [24].
Influence of Aromatics on IFT
Kerosene with different aromatic contents is selected as the simulated oil for measuring equilibrium IFT between the oil phase and the surfactant solution. Figure 7 (b) displays the experimental results.
It can be seen that a small amount of aromatics from both PB and HB can reduce the simulated oil-water IFT. The IFT between surfactant solution and si-mulated oil reaches the lowest with the value of 0.40 mN/m and 0.26 mN/m at the addition of 2.60% PB aromatics and 3.42% HB aromatics into the simulated oil, respectively. The reduction of IFT may attribute to that aromatics including naphthalene series, benzopyrene, methylpyrene and fluorene etc. presented in simulated oil for altering the properties of oil phase at a certain content and hence reduce the IFT. Compared with PB crude oil being rich in bicyclic aromatics (such as naphthalene series) and triaromatic steroid, HB crude oil mainly contains aromatics with three and five rings. IFT between simulated oil containing HB aromatics and surfactant solution is lower, which indicates that aromatic hydrocarbons with fewer ring numbers facilitate the partition of surfactant molecules on the O/W interface and effectively decrease IFT. Figure 7 (c) shows the influence of resin separated from PB and HB crude oils on O/W interfacial activity between kerosene and surfactant solution.
Influence of Resin on IFT
As shown in Figure 7 (c), the kerosene-water IFT decreases after the addition of PB resin. With the increase of resin in kerosene, IFT increases then decreases. The IFT reaches the lowest level of 0.48 mN/m at PB resin content of 2.35%. With the addition of HB resin, the kerosene-water interface tension increases first and then reduces. By comparison, HB resin has lower interfacial activity. This is because the active molecules with high molecule weights of resin separated from extra heavy oil preferentially adsorbe and enrich on the side of oil phase in the O/W interface [28] .
Influence of Asphaltene on IFT
The kerosene with 0.93% PB aromatics and 0.44% HB aromatics is served as the simulated oil. Asphaltenes extracted from PB and HB crude oils are added into the corresponding simulated oil. IFT between each simulated oil and surfactant solution was measured and shown in Figure 7(d) .
As shown in Figure 7 (d), IFT between each simulated oil and surfactant solution decreases first then increases with the addition of asphaltene. IFT of the system with PB asphaltene is the lowest value of 0.57 mN/m at asphaltene content of 2.48%. While the IFT between simulated oil with 5.34% HB asphaltene and surfactant solution reaches the lowest value of 0.55 mN/m, which indicates that the system of simulated oil and surfactant solution reduces IFT at a lower addition of PB asphaltene. The content of the heavy acidic component of asphaltene will affect the distribution of surfactant molecules at O/W interface and hence change the interfacial activities of surfactant solution.
Influence of Alkali on IFT
In consideration of large amounts of acidic components existed in the resin, carboxylic acids can react with the bases to form surfactants. IFT between simulated oils (kerosene + 11.89% PB resin, kerosene + 12.39% HB resin) and a surfactant system containing NaOH is measured. Figure 8 shows the effects of the addition of alkali in simulated oil with PB or HB resin on O/W IFT. Open Journal of Yangtze Gas and Oil IFT reduces rapidly with the small addition of NaOH. IFTs of the system with HB resin reduce to an order of magnitude of 10 −2 mN/m at the addition of 0.05 % alkali to simulated oil with the composition of kerosene + 12.39% HB resin, which is lower than the system with PB resin. The IFTs of the system with PB resin and HB resin are 0.092 mN/m and 0.061 mN/m at the addition of 0.05% alkali, respectively. On further addition of alkali, IFT of the former system with resin in paraffin-base crude oil PB gradually increases, while the latter with resin in naphthenic-base crude oil HB decreases, which is attributed to the content and composition of organic acids from different oils, indicating that the acid components in naphthenic-base crude oil form activity substance and cause synergism effect of reducing IFT. Therefore, the resins from different crude oils have different sensitivities to alkali.
Conclusions
The crude oil SARA and acidic fractions of paraffin-base oil PB and naphthenic-base oil HB are separated by column chromatography and solvent extraction method, respectively. The structure of acidic components is confirmed by infrared spectroscopy and their acidic component is determined by esterification of diazomethane, followed by GC/MS analysis.
Tricyclic and above aromatic hydrocarbons in naphthenic-base oil HB are near twice of that in paraffin-base crude oil PB. While the triaromatic steroids in PB and HB aromatic fraction are 39.15% and 15.65%, respectively, indicating that the content of triaromatic steroid in PB oil is 2.5 times higher than that in HB oil.
The heavy acidic content with carbon numbers higher than 16 is reduced by the asphaltene removal of crude oil compared with the presence of asphaltene crude oil, which indicates that there is a certain amount of heavy petroleum acid included in the asphaltenes. The C 9-30 paraffinic acids and C 9-26 paraffinic acids are detected in paraffin-base crude oil (PB) and naphthene base oil (HB), respectively, indicating that the molecular weight of alkane acidic components in heavy oil is lower than that in crude oil with high paraffin.
Each of SARA in crude oil has an effect on the O/W interfacial activity. IFT value tends to decrease first, then increase with the increasing of SARA content in each crude oil or kerosene, except that the IFT value increases with the increasing of resin content of HB oil. The saturates can effectively change the EACN of the oil phase and the arrangement and distribution of surfactant molecules on O/W interface at low content, thereby decreasing the IFT. HB aromatics can decrease IFT value more effectively than PB aromatics, owing to a large number of polycyclic aromatics in HB oil, especially phenanthrene, chrysene and benzopyren series in heavy oil. Compared to the HB resin, the PB resin is more effective in increasing the interfacial activity, while, the IFT between surfactant solution and HB resin is lower than that of PB resin in the presence of alkali, which can be attributed to that the acidic fractions in HB oil with much higher acid value than PB oil react with alkali to form carboxylate surfactants, and then low IFT value.
